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種である(Cagniardet al.， 1953)0 MT法では太陽の黒点
活動，赤道付近の雷放電などを信号源とする周波数の低
い電磁場を測定することから比較的大深度の調査に適し



























対象とした地球科学調査(例えばUnsworth et al.， 1999; 











ある。 Constableet al. (1998)は石油探査を対象とした
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Fig.l. Example of resistivity blocks and elements for the 
日niteelement method. (a) example of resistivity 
blocks. The bold line shows an assumed boundary. 
(b) example of resistivity elements. Solid lines show 
block boundaries and dashed lines show elements 
boundaries. W means width of a resistivity block， D 
means thickness of a resistivity block， m; means 
resistivity value at i-th block and Cij means the 
























c， =C. = _YTr 
H げ 2(W+D) (2) 
c~ =C今 D




-1 CI3 。C14 。
C22 -1 C: 。C24 。C32 -1 。。C34 
C41 。。-1 C43 。C44 
C=I CS1 。CS2 -1 CS3 。CS4 (5) 
C61 。C62 -1 。。C64 
C71 。。-1 C73 。
















門 2(W+D) ， 
c，=~ 
II 2(W +D) 
C司=C 0 = __!}_ 




アCH=1- W ×(1ーの (9) 
告引 2(W +D) 
また， Fig.1(a)太線部に境界を仮定した場合，行列式C
は8を用いて以下のように表現される。
1 C;3 0 C;4 。
C;2 -1 C;3 。C;4 
o C;2 -1 。。C;4 
C，1l 0 。-1 C，13 。c;4Xβ 
Cf| c;l 0 c;2 -1 c;3 。c;4Xβ (10) 
G;1 。G;2 。。G;4Xβ 
~lXβ 。。-1 ~ 。
GnXβ 。c;2 c;3 。 C)JXβ 。C:;2 。
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こととし， Uchida (1993)の ABICの式を元にαと8の
関数として以下のようにABICを定義した。
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Fig.3. Schematic diagram of variable hyper parameter s as 
a function of the iteration number. 





(1) ß:est が ß~+1 のとき
βf+lニ O.5xβf
ß~+1 =βf 




β;+1=0.5 × (1.0+β'~) 
βJ+l=0.5×(βf+1十β;叶



























まず， Fig.4(a)に示される Model-1(1000 m均質媒
質中に左 100m，右 10000 mの異常体が存在する
モデ、ル)について検討した。ここで，観測点は水平距離
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FigA. Resistivity models (Model-l) for synthetic test, reverse triangles show receiver positions. (a) Model-l. the synthetic 
model consists of two anomalies (10 ohm-m and 1000 ohm-m) in 100 ohm-m homogeneous media. Bold lines show the 
assumed boundaries around left anomaly. (b) The model obtained by the existing inversion. (c) The model obtained by 
the sharp boundary inversion. Left anomaly is reconstructed with sharp boundaries as assumed boundaries. (d) 
Comparison of the resistivity value along the vertical dashed lines at (a). Circles show the value of the original model, 








Number of blocks 253 




Mesh size 0.025"'-'lOkm 
0.8 
(Vertical) (Variable according to depth) 100 
0.6 
Mesh size 0.05"'-'3.2km a 
a =20 ~ 
0.4 
10 
(Horizontal) (Variable according to distance) 0.2 
Number of receivers I 0.0 
~ {3=0.0265(j ~ 
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Receiver interval 0.050km 
Frequency 
2n Hz(n= l "'-'11) 
Number of iteration 10 
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Fig.5. Hyper parameters obtained by inversion at synthetic test 
by Model-l. (a) a obtained by the existing inversion. (b) 
a obtained by the sharp boundary inversion with assumed 
boundaries in Fig.4(a). (c) 8 obtained by the sharp 
boundary inversion with assumed boundaries in Fig.4(a). 
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Fig.6. Resistivity models (Model-2) for synthetic test, reverse triangles show receiver positions. (a) Model-2 . the synthetic 
model consists of smooth resistivity structure and sharp boundaries. Bold lines show assumed boundaries, vertical 
boundary (boundary-1) and horizontal boundary (boundary-2). The detail of Model-2 is shown in Table 2. (b) The 
model obtained by the existing inversion. (c) The model obtained by the sharp boundary inversion with 
boundary-1(vertical boundary). The vertical structure is reconstructed with sharp boundaries as assumed boundaries. 
(d) The model obtained by the sharp boundary inversion with boundary-2(horizontal boundary). Because the 
boundary is assumed at smooth boundary. the obtained model (d) is almost same as (b) obtained by existing inversion. 
(e) Comparison of the resistivity value along the vertical dashed lines at (a) , (b) and (c). (f) Comparison of the 
resistivity value along the horizontal dashed lines at (a), (b) and (c). 
Table 2. Resistivity table of the 
smooth structure in Model-2 
IOOOrTa) 1000 1000 (b) l (c) 100 \_ 100 \ 100 \ I ~ (( (( i (( ~-":'~ a=8.4 j 10 10 'f 10 a=2.1 
lo I _j I 4 6 10 0 4 6 10 0 4 6 10 
Iteration Iteration Iteration 
1.0 (d) l.o (e) 
0.8 0.8 /3=0.90156 
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Fig. 7. Hyper-parameters obtained by inversion at synthetic test by Model-2. (a) a 
obtained by the existing inversion. (b) a obtained by the sharp boundary 
inversion with boundary-1. (c) a obtained by the sharp boundary inversion with 
boundary-2. (d) ~ obtained by the sharp boundary inversion with 
boundary-l.(e) ~ obtained by the sharp boundary inversion with boundary-2. 
Circles show the values of the best fitting models 
Layer# Depth.(km) Resistivity (Ohm-m) 
1 o.oo-o.05 0.5 
2 0.05-0.10 1.0 
3 0.1o-0.15 2.0 
4 0.15-0.20 3.0 
5 0.2o-0.25 4.0 
6 0.25-0.30 5.0 
7 0.3o-0.35 6.0 
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Fig.S. Resistivity models from field data. (a) A schematic cartoon of a seismic reflection profile drawn after Park et al. (2002) 
along the MT survey line in Goto et al. (2003) and Kimura et al. (2005) across the Nankai Trough and Kumano Basin. 
Solid lines show remarkable reflectors and dashed lines show poor reflectors. (b) The resistivity model obtained by the 
existing inversion. white crooked lines show the assumed boundary as the top of Philippine sea plate (boundary-A) , (c) 
The resistivity model obtained by the sharp boundary inversion with boundary-A. The model has sharp boundary along 
the assumed boundary (boundary-A). (d) The resistivity model obtained by the Sharp boundary inversion with 
boundary-B which is shifted parallel from boundary-A to 2km depth. The resistivity structure along boundary-B is 
reconstructed as a smooth structure. The sharp boundary inversion scheme made decision that boundary -A is a sharp 
structure and boundary-B is a smooth structure fromABIC minimization algorism. 
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Fig.lO. Comparison of the resistivity along the vertical lines (a) in the model obtained by the existing inversion , (b) in the 
model obtained by the sharp boundary inversion with boundary-A. Dashed lines show the splay fault in Fig.S(a). 
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Fig.9. Hyper-parameters obtained by inversion using field data. (a)αobtained by the existing inversion. (b)αmtained by 
the sharp boundary inversion with boundary-A. (c)αobtained by the sharp boundary inversion with boundary-B. (d) s 
obtained by the sharp boundary inversion with boundary-A. (e) s obtained by the sharp boundary inversion with 
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Two-dimensional inversion of magnetotelluric data with sharp structural 
boundary 
Toshionori Kimura*· Tada-nori Goto** · Takafumi Kasaya*s · Taku Okamoto*4 • 
Hitoshi Mikada** · Yoshinori Sanada*5 • Toshiki Watanabe*6 and YuzuruAshida*7 
ABSTRACT 
In conventional inversion schemes of magnetotelluric data by the linearized least-square method with a 
smooth constraint, a smoothing parameter, a contributes to all of the electrical resistivity blocks in the 
smooth constraint term evenly. Therefore, it is difficult to reconstruct a resistivity structure with sharp 
structural boundaries using the conventional inversion, although subsurface formations including both smooth 
and sharp structural changes are often targets of magnetotelluric suweys. In this paper, we propose a new 
two-dimensional inversion algorithm for magnetotelluric data to reconstruct the resistivity structure with both 
smooth resistivity variations and a sharp boundary. Our inversion scheme needs the location of sharp 
boundary as a priori information from the other geophysical surveys, such as seismic reflection method. A new 
hyper-parameter "W' between 0 and 1 is defined for expression of sharpness of the structural boundary. As B 
becomes 0 to 1, the resistivity variation across the assumed boundary becomes sharp to smooth. 'I\vo 
hyper-parameters are determined using the ABIC-minimizing scheme with a new simple way for searching 
optimized hyper-parameters efficiently. We applied both conventional and new sharp-boundary inversion to 
synthetic magnetotelluric data from two models. One model includes high and low resistivity anomalies, and 
another model consists of layers increasing their resistivity gradually. As a result of the synthetic tests, our 
sharp-boundary inversion reconstructed the resistivity structure with sharp boundary, if the location of sharp 
boundary is assigned at the proper position. Even if the sharp boundary is assigned within the smooth 
structure area wrongly, smooth model is obtained properly. After synthetic tests, we apply this sharp boundary 
inversion to field data obtained around the seafloor of the Nankai Trough using high-frequency ocean bottom 
electromagnetometer. The top of Philippine Sea plate, confirmed by a seismic reflection survey, is adopted as a 
location of sharp boundary in our inversion. As the result of our sharp-boundary inversion, the top of Philippine 
Sea plate is reconstructed as a sharp structural boundary. We conclude that our sharp-boundary inversion 
provides more realistic resistivity model compared with the smooth model by the conventional inversion. 
Keywords: magnetotelluric, sharp structural boundary, assumed condition, hyper-parameter, inversion 
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